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CONTROL SYSTEM FOR INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a control system for an 

internal combustion engine, and more particularly to a control system for an 
internal combustion engine having a plurality of cylinders, provided with a 
cylinder halting mechanism for halting operation of some of the cylinders. 
Description of the Related Art 

[0002] Japanese Patent Laid Open No. Hei 8-105339 discloses a 

control system for an internal combustion engine provided with a cylinder 
halting mechanism. In this control system, partial-cylinder operation in 
which some of cylinders of the engine are halted, and all-cylinder operation 
in which all of the cylinders are operated, are switched according to an 
engine load, i.e., a throttle valve opening. Specifically, according to this 
control system, the partial-cylinder operation is performed when the throttle 
valve opening TPS is less than a switching throttle valve opening TPS1 
which is set according to the engine rotational speed Ne. 

[0003] According to the conventional control system described above, 

if the throttle valve opening TPS during the partial-cylinder operation 
exceeds the switching throttle valve opening TPS1 and then becomes lower 
than the switching throttle valve opening TPS1 immediately, the operation 
mode of the engine changes from the partial-cylinder operation to the all- 
cylinder operation and then changes back to the all-cylinder operation 
immediately. That is, the operation mode of the engine changes frequently 
in a short time period. It is well known in the art that, when the throttle 
valve opening TPS is compared with the switching throttle valve opening 
TPS1, and the operation mode of the engine is switched according to a result 
of the comparison, the comparison is performed with hysteresis. However, 
even by the comparison with hysteresis, frequent switching sometimes 
occurs, and there is a problem that a switching shock (a sudden change of the 
engine torque by the switching) occurs frequently, or sufficient improvement 
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in the fuel efficiency cannot be obtained. 
SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to provide a control 

system for an internal combustion engine which can appropriately control a 
transition from the partial-cylinder operation to the all-cylinder operation, to 
thereby prevent frequent switching of the engine operation mode from 
occurring in a short time period. 

[0005] The present invention provides a control system for an 

internal combustion engine (l) having a plurality of cylinders and switching 
means (30) for switching between an all-cylinder operation in which all of the 
plurality of cylinders are operated and a partial-cylinder operation in which 
at least one of the plurality of cylinders is halted. The control system 
includes operating parameter detecting means, condition determining means, 
modifying means, and instructing means. The operating parameter 
detecting means detects operating parameters (TH, TW, TA, NE, VP) of a 
vehicle driven by the engine. The operating parameters includes at least 
one operating parameter of the engine. The condition determining means 
determines a condition for performing the partial- cylinder operation, based 
on the operating parameters detected by the operating parameter detecting 
means. The modifying means modifies a result (FCYLSTP = 0) of the 
determination by the condition determining means so that the partial- 
cylinder operation may be continued (FCYLSTP = l), when the detected 
operating parameters satisfy a predetermined continuation condition (S36, 
S37, S38) within a predetermined time period (TSTPTMP) from the time a 
vehicle operating state where the condition for performing the partial- 
cylinder operation is satisfied, has changed to another vehicle operating state 
where the condition for performing the partial-cylinder operation is not 
satisfied. The instructing means instructs the switching means (30) to 
perform the partial-cylinder operation or the all-cylinder operation according 
to the result of the determination modified by the modifying means. 
[0006] With this configuration, when the operating parameters 
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satisfy the predetermined continuation condition within a predetermined 
time period from the time a vehicle operating state where the condition for 
performing the partial-cylinder operation is satisfied, has changed to another 
vehicle operating state where the condition for performing the partial- 
cylinder operation is not satisfied, the switching means is controlled so as to 
continue the partial-cylinder operation. Accordingly, when the vehicle 
driver operates the accelerator pedal during the partial-cylinder operation in 
such a manner that he returns the accelerator pedal immediately after he 
depresses the acceleration pedal a little without an intention of accelerating 
the vehicle, the operation mode of the engine is not switched. Consequently, 
frequent switching shocks or deterioration of the fuel efficiency can be 
prevented. 

[0007] Preferably, the operating parameter detecting means detects 

an operation amount (TH) indicative of a required output power of the engine, 
and the condition determining means determines that the condition for 
performing the partial-cylinder operation is satisfied when the detected 
operation amount (TH) is less than a determination threshold value (THCS). 
[0008] Preferably, the operating parameter detecting means detects a 

running speed (VP) of the vehicle, and the predetermined continuation 
condition is satisfied when the detected operation amount (TH) is less than a 
value which is obtained by adding a predetermined value ( a ) to the 
determination threshold value (THCSH), an amount (DTH) of change in the 
detected operation amount is less than a predetermined amount (DTHl) of 
change in the operation amount, and an amount (DVP) of change in the 
detected running speed (VP) of the vehicle is less than a predetermined 
amount (VPl) of change in the running speed. 

[0009] Preferably, the operating parameter detecting means detects a 

rotational speed (NE) of the engine, and the predetermined continuation 
condition is satisfied when the detected operation amount (TH) is less than a 
value which is obtained by adding a predetermined value ( a ) to the 
determination threshold value (THCSH), an amount (DTH) of change in the 
detected operation amount is less than a predetermined amount (DTHl) of 
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change in the operation amount, and an amount (DNE) of change in the 
detected rotational speed (NE) of the engine is less than a predetermined 
amount (DNEl) of change in the rotational speed. 

[0010] Preferably, the operating parameter detecting means detects a 

running speed (VP) of the vehicle and a gear position (GP) of a transmission 
of the vehicle, and the determination threshold value (THCS) is set according 
to the detected running speed (VP) and gear position (GP). 
[0011] The present invention further provides a control system for an 

internal combustion engine (l) having a plurality of cylinders and switching 
means (30) for switching between an all-cylinder operation in which all of the 
plurality of cylinders are operated and a partial-cylinder operation in which 
at least one of the plurality of cylinders is halted. The control system 
_ ^ includes operation amount detecting means, condition determining means, 
and instructing means. The operation amount detecting means detects an 
operation amount (TH) indicative of a required output power of the engine. 
The condition determining means determines a condition for performing the 
partial-cylinder operation based on the operation amount (TH) detected by 
the operation amount detecting means. The instructing means instructs the 
switching means to perform the partial-cylinder operation or the all-cylinder 
operation according to a result of the determination. The condition 
determining means includes filtering means for performing a low-pass 
filtering (S5l) of the operation amount (TH), and determines the condition 
for performing the partial- cylinder operation based on the operation amount 
(THFLT) filtered by the filtering means, when the partial-cylinder operation 
is being performed (FCYLSTP = l). 

[0012] According to the configuration, when the partial-cylinder 

operation is being performed, the condition for performing the partial- 
cylinder operation is determined based on the low-pass-filtered operation 
amount. Accordingly, when the vehicle driver operates the accelerator pedal 
during the partial-cylinder operation in such a manner that he returns the 
accelerator pedal immediately after he depresses the acceleration pedal a 
little without an intention of accelerating the vehicle, the operation mode of 
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the engine is not switched because the operation amount is averaged by the 
low-pass filtering. Consequently, frequent switching shocks or deterioration 
of the fuel efficiency can be prevented. 

[0013] Preferably, the condition determining means determines that 

the condition for performing the partial-cylinder operation is satisfied, when 
the detected operation amount (TH) is less than a determination threshold 
value (THCS). 

[0014] Preferably, the control system further includes vehicle speed 

detecting means for detecting a running speed (VP) of the vehicle and gear 
position detecting means for detecting a gear position (GP) of a transmission 
of the vehicle, and the determination threshold value (THCS) is set according 
to the detected running speed (VP) and gear position (GP). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic diagram showing a configuration of an 

internal combustion engine and a control system therefor according to an 
embodiment of the present invention; 

[0016] FIG. 2 is a schematic diagram showing a configuration of a 

hydraulic control system of a cylinder halting mechanism; 

[0017] FIG. 3 is a flow chart of a process for determining a cylinder 

halt condition! 

[0018] FIG. 4 is a graph showing a TMTWCSDLY table used in the 

process of FIG. 3; 

[0019] FIG. 5 is a graph showing a THCS table used in the process of 

FIG. 3; 

[0020] FIG. 6 is a flow chart of a modification process executed in the 

process of FIG. 3; 

[0021] FIG. 7 is a flow chart of another process (second embodiment) 

for determining a cylinder halt condition; 

[0022] FIG. 8 is a flow chart showing a modification of the process of 

FIG. 3; 

[0023] FIG. 9 is a flow chart showing a modification of the process of 
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FIG. 6; and 

[0024] FIG. 10 is a flow chart showing a modification of the process 

of FIG. 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] Embodiments of the present invention will be hereinafter 

described with reference to the drawings. 
First Embodiment 

[0026] FIG. 1 is a schematic diagram of an internal combustion 

engine and a corresponding control system according to a first embodiment of 
the present invention. The internal combustion engine 1, which may be, for 
example, a V-type six-cylinder internal combustion engine but is hereinafter 
referred to simply as "engine", has a right bank provided with cylinders #1, 
#2, and #3 and a left bank provided with cylinders #4, #5, and #6. The right 
bank is further provided with a cylinder halting mechanism 30, which 
temporarily halts operation of cylinders #1 to #3. FIG. 2 is a schematic 
diagram of a hydraulic circuit for hydraulically driving the cylinder halting 
mechanism 30 and a control system for the hydraulic circuit. FIG. 2 will be 
referred to in conjunction with FIG. 1. 

[0027] The engine 1 has an intake pipe 2 provided with a throttle 

valve 3. The throttle valve 3 is provided with a throttle valve opening 
sensor 4, which detects the throttle valve 3 is open TH. A detection signal 
output from the throttle opening sensor 4 is supplied to an electronic control 
unit, which is hereinafter referred to as "ECU 5". 

[0028] Fuel injection valves 6, for respective cylinders, are inserted 

into the intake pipe 2 at locations intermediate the engine 1 and the throttle 
valve 3, and slightly upstream of respective intake valves (not shown). Each 
fuel injection valve 6 is connected to a fuel pump (not shown) and electrically 
connected to the ECU 5. A valve opening period of each fuel injection valve 
6 is controlled by a signal from the ECU 5. 

[0029] An absolute intake pressure (PBA) sensor 7 is provided 

immediately downstream of the throttle valve 3 and detects a pressure in the 
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intake pipe 2. An absolute pressure signal converted to an electrical signal by 
the absolute intake pressure sensor 7 is supplied to the ECU 5. An intake 
air temperature (TA) sensor 8 is provided downstream of the absolute intake 
pressure sensor 7 and detects an intake air temperature TA. An electrical 
signal corresponding to the detected intake air temperature TA is output 
from the sensor 8 and supplied to the ECU 5. 

[0030] An engine coolant temperature (TW) sensor 9 such as, for 

example, a thermistor, is mounted on the body of the engine 1 and detects an 
engine coolant temperature, i.e., a cooling water temperature, TW. A 
temperature signal corresponding to the detected engine coolant temperature 
TW is output from the sensor 9 and supplied to the ECU 5. 
[0031] A crank angle position sensor 10 detects a rotational angle of 

the crankshaft (not shown) of the engine 1 and is connected to the ECU 5. A 
signal corresponding to the detected rotational angle of the crankshaft is 
supplied to the ECU 5. The crank angle position sensor 10 includes a 
cylinder discrimination sensor which outputs a pulse at a predetermined 
crank angle position for a specific cylinder of the engine 1, the pulse 
hereinafter is referred to as "CYL pulse". The crank angle position sensor 
10 also includes a top dead center (TDC) sensor which outputs a TDC pulse 
at a crank angle position before a TDC of a predetermined crank angle starts 
at an intake stroke in each cylinder, i.e., at every 120 deg crank angle in the 
case of a six-cylinder engine, and a constant crank angle (CRK) sensor for 
generating one pulse with a CRK period, e.g., a period of 30 deg, shorter than 
the period of generation of the TDC pulse, the pulse hereinafter is referred to 
as "CRK pulse". The CYL pulse, the TDC pulse, and the CRK pulse are 
supplied to the ECU 5. The CYL, TDC, and CRK pulses are used to control 
the various timings, such as a fuel injection timing and an ignition timing, 
and to detect an engine rotational speed NE. 

[0032] The cylinder halting mechanism 30 is hydraulically driven 

using lubricating oil of the engine 1 as operating oil. The operating oil, 
which is pressurized by an oil pump 31, is supplied to the cylinder halting 
mechanism 30 via an oil passage 32, an intake side oil passage 33i, and an 
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exhaust side oil passage 33e. An intake side solenoid valve 35i is provided 
between the oil passage 32 and the intake side oil passage 33i, and an 
exhaust side solenoid valve 35e is provided between the oil passage 32 and 
the exhaust side oil passage 33e. The intake and exhaust side solenoid 
valves 35i and 35e, respectively, are connected to the ECU 5 so operation of 
the solenoid valves 35i and 35e is controlled by the ECU 5. 
[0033] Hydraulic switches 34i and 34e, which are turned on when the 

operating oil pressure drops to a pressure lower than a predetermined 
threshold value, are provided, respectively, for the intake and exhaust side 
oil passages 33i and 33e. Detection signals of the hydraulic switches 34i 
and 34e are supplied to the ECU 5. An operating oil temperature sensor 33, 
which detects an operating oil temperature TOIL, is provided in the oil 
passage 32, and a detection signal of the operating oil temperature sensor 33 
is supplied to the ECU 5. 

[0034] An exemplary configuration of a cylinder halting mechanism 

is disclosed in Japanese Patent Laid-open No. Hei 10-103097, and a similar 
cylinder halting mechanism is used as the cylinder halting mechanism 30 of 
the present invention. The contents of Japanese Patent Laid-open No. Hei 
10-103097 are hereby incorporated by reference. According to the cylinder 
halting mechanism 30, when the solenoid valves 35i and 35e are closed and 
the operating oil pressures in the oil passages 33i and 33e are low, the intake 
valves and the exhaust valves of the cylinders, i.e., #1 to #3, perform normal 
opening and closing movements. On the other hand, when the solenoid 
valves 35i and 35e are open and the operating oil pressures in the oil 
passages 33i and 33e are high, the intake valves and the exhaust valves of 
the cylinders, i.e., #1 to #3, maintain their closed state. In other words, 
while the solenoid valves 35i and 35e are closed, all-cylinder operation of the 
engine 1, in which all cylinders are operating, is performed, and if the 
solenoid valves 35i and 35e are opened, partial- cylinder operation, in which 
the cylinders #1 to #3 do not operate and only the cylinders #4 to #6 are 
operating, is performed. 
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[0035] An exhaust gas recirculation passage 21 extends between a 

portion of the intake pipe 2 downstream of the throttle valve 3 and an 
exhaust pipe 13. The exhaust gas recirculation passage 21 has an exhaust 
gas recirculation valve, hereinafter referred to as "EGR valve" 22, to control 
the amount of a recirculated exhaust gas. The EGR valve 22 includes a 
solenoid-operated valve, the opening of the valve being controlled by the 
ECU 5. The EGR valve 22 is combined with a lift sensor 23 to detect its 
valve opening, i.e., valve lift amount, LACT, and supplies a detection signal 
to the ECU 5. The exhaust gas recirculation passage 21 and the EGR valve 
22 jointly form an exhaust gas recirculation mechanism. 

[0036] A spark plug 12 is provided in each cylinder of the engine 1. 

Each spark plug 12 is connected to the ECU 5, and a drive signal for each 
spark plug 12, i.e., an ignition signal, is supplied from the ECU 5. 
[0037] An atmospheric pressure sensor 14 for detecting the 

atmospheric pressure PA, a vehicle speed sensor 15 for detecting a running 
speed (vehicle speed) VP of the vehicle driven by the engine 1, and a gear 
position sensor 16 for detecting a gear position GP of a transmission of the 
vehicle. Detection signals of these sensors are supplied to the ECU 5. 
[0038] The ECU 5 includes an input circuit, a central processing unit, 

which is hereinafter referred to as "CPU", a memory circuit, and an output 
circuit. The input circuit performs numerous functions, including, but not 
limited to, shaping the waveforms of input signals from the various sensors, 
correcting the voltage levels of the input signals to a predetermined level, 
and converting analog signal values into digital signal values. The memory 
circuit preliminarily stores various operating programs to be executed by the 
CPU and stores the results of computations or the like by the CPU. The 
output circuit supplies drive signals to the fuel injection valves 6, the spark 
plugs 12, the EGR valve 22, and the solenoid valves 35i and 35e. The ECU 
5 controls the valve opening period of each fuel injection valve 6, the ignition 
timing, and the opening of the EGR valve 22 according to the detection 
signals from the various sensors. The ECU 5 further operates the intake 
and exhaust side solenoid valves 35i and 35e to perform switching control 
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between the all-cylinder operation and the partial-cylinder operation of the 
engine 1. 

[0039] FIG. 3 is a flow chart of a process of determining an execution 

condition of the cylinder halt (partial-cylinder operation) in which some of 
the cylinders are halted. This process is executed at predetermined 
intervals (for example, 10 milliseconds) by the CPU of in ECU 5. 
[0040] In step Sll, it is determined whether or not an start mode 

flag FSTMOD is "1". If FSTMOD is equal to "1", which indicates that the 
engine 1 is starting (cranking), then the detected engine water temperature 
TW is stored as a start mode water temperature TWSTMOD (step S13). 
Next, a TMTWCSDLY table shown in FIG. 4 is retrieved according to the 
start mode water temperature TWSTMOD to calculate a delay time 
TMTWCSDLY. In the TMTWCSDLY table, the delay time TMTWCSDLY is 
set to a predetermined delay time TDLY1 (for example, 250 seconds) in the 
range where the start mode water temperature TWSTMOD is lower than a 
first predetermined water temperature TW1 (for example, 40 °C). The 
delay time TMTWCSDLY is set so as to decrease as the start mode water 
temperature TWSTMOD rises in the range where the start mode water 
temperature TWSTMOD is equal to or higher than the first predetermined 
water temperature TW1 and lower than a second predetermined water 
temperature TW2 (for example, 60 °C ). Further, the delay time 
TMTWCSDLY is set to "0" in the range where the start mode water 
temperature TWSTMOD is higher than the second predetermined water 
temperature TW2. 

[0041] In next step S15, a downcount timer TCSWAIT is set to the 

delay time TMTWCSDLY and started, and a cylinder halt flag FCYLSTP is 
set to "0" (step S24). This indicates that the execution condition of the 
cylinder halt is not satisfied. 

[0042] If FSTMOD is equal to "0" in step Sll, i.e., the engine 1 is 

operating in the ordinary operation mode, then it is determined whether or 
not the engine water temperature TW is higher than a cylinder halt 
determination temperature TWCSTP (for example, 75°C) (step S12). If TW 
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is less than or equal to TWCSTP, then it is determined that the execution 
condition is not satisfied, and the process advances to step S14. When the 
engine water temperature TW is higher than the cylinder halt determination 
temperature TWCSTP, the process advances from step S12 to step S16, in 
which it is determined whether or not a value of the timer TCSWAIT started 
in step S15 is "0". While TCSWAIT is greater than "0", the process advances 
to step S24. When TCSWAIT becomes "0", then the process advances step 
S17. 

[0043] In step S17, a THCS table shown in FIG. 5 is retrieved 

according to the vehicle speed VP and the gear position GP to calculate an 
upper side threshold value THCSH and a lower side threshold value THCSL 
which are used in the determination in step S18. In FIG. 5, the solid lines 
correspond to the upper side threshold value THCSH and the broken lines 
correspond to the lower side threshold value THCSL. The THCS table is set 
for each gear position GP such that, at each of the gear positions (from 
second speed to fifth speed), the upper side threshold value THCSH and the 
lower side threshold value THCSL may increase as the vehicle speed VP 
increases. It should be noted that at the gear position of 2nd speed, there is 
provided a region where the upper side threshold value THCSH and the 
lower side threshold value THCSL are maintained at a constant value even if 
the vehicle speed VP varies. Further, at the gear position of 1st speed, the 
upper side threshold value THCSH and the lower side threshold value 
THCSL are set, for example, to "0", since the all-cylinder operation is always 
performed. Furthermore, the threshold values (THCSH and THCSL) 
corresponding to a lower speed side gear position GP are set to greater values 
than the threshold values (THCSH and THCSL) corresponding to a higher 
speed side gear position GP when compared at a certain vehicle speed. 
[0044] In step S18, a determination of whether or not the throttle 

valve opening TH is less than the threshold value THCS is executed with 
hysteresis. Specifically, when the cylinder halt flag FCYLSTP is "1", and 
the throttle valve opening TH increases to reach the upper side threshold 
value THCSH, then the answer to step S18 becomes negative (NO), while 
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when the cylinder halt flag FCYLSTP is "0", and the throttle valve opening 
TH decreases to become less than the lower side threshold value THCSL, 
then the answer to step S18 becomes affirmative (YES). 

[0045] If the answer to step S18 is affirmative (YES), it is 

determined whether or not the atmospheric pressure PA is equal to or higher 
than a predetermined pressure PACS (for example, 86.6 kPa (650 mmHg)) 
(step S19). If the answer to step S19 is affirmative (YES), then it is 
determined whether or not the intake air temperature TA is equal to or 
higher than a predetermined lower limit temperature TACSL (for example, - 
10 °C) (step S20). If the answer to step S20 is affirmative (YES), then it is 
determined whether or not the intake air temperature TA is lower than a 
predetermined upper limit temperature TACSH (for example, 45 °C) (step 
S2l). If the answer to step S21 is affirmative (YES), then it is determined 
whether or not the engine speed NE is lower than a predetermined speed 
NECS (step S22). The determination of step S22 is executed with hysteresis 
similarly as in step S18. Specifically, when the cylinder halt flag FCYLSTP 
is "1", and the engine speed NE increases to reach an upper side speed 
NECSH (for example, 3,500 rpm), then the answer to step S22 becomes 
negative (NO), while when the cylinder halt flag FCYLSTP is "0", and the 
engine speed NE decreases to become lower than a lower side speed NECSL 
(for example, 3,300 rpm), then the answer to step S22 becomes affirmative 
(YES). 

[0046] When the answer to any of steps S18 to S22 is negative (NO), 

it is determined that the execution condition of the cylinder halt is not 
satisfied, and the process advances to step S24. On the other hand, if all of 
the answers to steps S18 to S22 are affirmative (YES), it is determined that 
the execution condition of the cylinder halt is satisfied, and the cylinder halt 
flag FCYLSTP is set to "1" (step S23). 

[0047] In step S25, the modification process shown in FIG. 6 is 

executed. In step S31 of FIG. 6, it is determined whether or not the cylinder 
halt flag FCYLSTP is "0". If FCYLSTP is equal to "1", indicating that the 
execution condition of the cylinder halt is satisfied, then the downcount timer 
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TSTPTMP is set to predetermined time period TSTPTMPO (for example, 1 
second) and started, and the continuation flag FCYLSTPTMP is set to "0" 
(step S32). 

[0048] If FCYLSTP is equal to "0" in step S31, indicating that the 

execution condition of the cylinder halt is not satisfied, then it is determined 
whether or not the continuation flag FCYLSTPTMP is "1" (step S33). The 
continuation flag FCYLSTPTMP is equal to "0" immediately after the 
transition from the state where the execution condition of the cylinder halt is 
satisfied (FCYLSTP = 1) to the state where the execution condition of the 
cylinder halt is not satisfied (FCYLSTP = 0). Accordingly, the process 
advances to step S34, in which it is determined whether or not the cylinder 
halt flag FCYLSTP was "0" in the preceding cycle. Since the present answer 
to step S34 is negative (NO), the processing advances to step S35, at which it 
is determined whether or not a value of the timer TSTPTMP started in step 
S32 is "0". While TSTPTMP is greater than "0", the process advances to 
step S36, in which it is determined whether or not the throttle valve opening 
TH is less than a value obtained by adding a predetermined value a (for 
example, 2 degrees) to the upper side threshold value THCSH. If the 
answer to step S36 is affirmative (YES), then it is determined whether or not 
a change amount DTH of the throttle valve opening TH is less than the 
predetermined change amount DTH1 (for example, 1 degree per 10 
milliseconds) (step S37). The throttle valve opening change amount DTH is 
calculated as a difference (TH(n) - TH(n-l)) between the present value TH(n) 
and the preceding value TH(n-l) of the throttle valve opening. 
[0049] When the answer to step S37 is affirmative (YES), it is 

determined whether or not a change amount DVP of the vehicle speed VP is 
less than the predetermined vehicle speed change amount DVP1 (for 
example, 0.01 km/h per 10 milliseconds) (step S38). The vehicle speed 
change amount DVP is calculated as a difference (VP(n) - VP(n-l)) between 
the present value VP(n) and the preceding value VP(n~l) of the vehicle speed. 
[0050] When the answer to any of the steps S36 to S38 is negative 

(NO), that is, when the predetermined continuation condition is not satisfied, 
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the process advances to step S40, in which the continuation flag 
FCYLSTPTMP is set to "0". Consequently, the process from step S33 to step 
S40 via step S34 is executed thereafter. In this instance, since the cylinder 
halt flag FCYLSTP remains "0", the operation mode of the engine 
immediately changes from the partial-cylinder operation to the all-cylinder 
operation. 

[0051] On the other hand, when all of the answers to steps S36 to 

S38 are affirmative (YES), indicating that the predetermined continuation 
condition is satisfied, the continuation flag FCYLSTPTMP is set to "1" and 
the cylinder halt flag FCYLSTP is modified to "1" (step S39). Accordingly, in 
this instance, even if the execution condition of the cylinder halt is not 
satisfied, the partial-cylinder operation is continued. When the 
continuation flag FCYLSTPTMP is set to "1", the answer to step S33 is 
affirmative (YES) thereafter. Therefore, the partial-cylinder operation is 
continued as long as the predetermined continuation condition is satisfied. 
[0052] Thereafter, if the value of the downcount timer TSTPTMP 

becomes "0" in step S35, then the process advances to step S40. Accordingly, 
at this point of time, the operation mode of the engine changes from the 
partial-cylinder operation to the all-cylinder operation. Thereafter, the 
process from step S33 to step S40 via step S34 is executed. 
[0053] It is to be noted that, even when the value of the timer 

TSPTMP is greater than "0", if the answer to any of steps S36 to S38 
becomes negative (NO), indicating that the predetermined continuation 
condition becomes dissatisfied, then the process advances directly to step S40, 
in which the operation mode of the engine shifts to the all-cylinder operation. 
[0054] Further, if the execution condition of the cylinder halt 

becomes satisfied again before the value of the timer TSTPTMP reaches "0", 
then the answer to step S31 becomes negative (NO), and the partial-cylinder 
operation is continued. 

[0055] Referring back to FIG. 3, in step S26, the drive signals for the 

solenoid valves 35i and 35e are output according to the cylinder halt flag 
FCYLSTP. 
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[0056] When the cylinder halt flag FCYLSTP is set to "1" at the time 

the modification process of FIG. 6 is completed, the partial-cylinder operation 
in which cylinders #1 to #3 are halted while cylinders #4 to #6 are operated, 
is performed. When the cylinder halt flag FCYLSTP is set to "0", the all- 
cylinder operation in which all of cylinders #1 to #6 are operated, is 
performed. 

[0057] As described above, according to the processes of FIGS. 3 and 

6, when the state where the execution condition of the cylinder halt is 
satisfied changes to the state where the execution condition of the cylinder 
halt is not satisfied, the partial-cylinder operation is continued for the 
predetermined time period TSTPTMP0 from the time of the state change, as 
long as the predetermined continuation condition (steps S36 to S38) is 
satisfied. When the execution condition of the cylinder halt is satified again 
within the predetermined time period TSTPTMP0, the partial- cylinder 
operation is continued without changing to the all-cylinder operation. 
Accordingly, when the vehicle driver operates the accelerator pedal during 
the partial-cylinder operation in such a manner that he returns the 
accelerator pedal immediately after he depresses the acceleration pedal a 
little without an intention of accelerating the vehicle, the operation mode of 
the engine is not switched. Consequently, frequent switching shocks or 
deterioration of the fuel efficiency can be prevented. 

[0058] In the present embodiment, the cylinder halting mechanism 

30 corresponds to the switching means, and the throttle valve opening sensor 
4, the intake air temperature sensor 8, the engine water temperature sensor 
9, the crank angle position sensor 10, the vehicle speed sensor 15 and the 
gear position sensor 16 constitute the operating parameter detecting means. 
Further, the ECU 5 constitutes the instructing means, the condition 
determining means and the modifying means. Specifically, steps Sll to S24 
of FIG. 3 correspond to the condition determining means, and the process of 
FIG. 6 corresponds to the modifying means. Step S26 of FIG. 3 corresponds 
to the instructing means. 
Second Embodiment 
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[0059] FIG. 7 is a flow chart of the cylinder halt condition 

determination process according to a second embodiment of the present 
invention. The process of FIG. 7 is obtained by deleting step S25 of the 
process shown in FIG. 3 and adding steps S51, S52 and S53. It is to be 
noted that the second embodiment is the same as the first embodiment 
except the points described below. 

[0060] In step S51, a low-pass filtering calculation of calculating a 

moving average value THFLT of the throttle valve opening TH is performed 
in accordance with the following expression (l). 
THFLT = 

(TH(n-4) + TH(n-3) + TH(n-2) + TH(n-l) + TH(n))/5 ...(D 
where "n" indicates a sampling time digitized with the execution period of 
the process of FIG. 7, and TH(n) corresponds to the present value of the 
throttle valve opening. 

[0061] In step S52, it is determined whether or not the cylinder halt 

flag FCYLSTP is "0". If FCYLSTP is equal to "0", indicating that the engine 
is in the all-cylinder operation, the process advances directly to step S18. If 
FCYLSTP is equal to "1", indicating that the engine is in the partial-cylinder 
operation, the throttle valve opening TH is set to the moving average value 
THFLT calculated in step S51 (step S53). Thereafter the process advances 
to step S18. 

[0062] According to the process shown in FIG. 7, when the partial- 

cylinder operation is being performed, the moving average value THFLT 
obtained by averaging the throttle valve opening TH is used to execute the 
determination in step S18. Accordingly, when the vehicle driver operates 
the accelerator pedal during the partial-cylinder operation in such a manner 
that he returns the accelerator pedal immediately after he depresses the 
acceleration pedal a little without an intention of accelerating the vehicle, 
the operation mode of the engine is not switched. Consequently, frequent 
switching shocks or deterioration of the fuel efficiency can be prevented. 
[0063] In the present embodiment, the cylinder halting mechanism 

30 corresponds to the switching means, and the throttle valve opening sensor 
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4 corresponds to the operation amount detecting means. Further, the ECU 

5 constitutes the condition determining means, the filtering means, and the 
instructing means. Specifically, the process of FIG. 7 corresponds to the 
condition determining means, and step S51 of FIG. 7 corresponds to the 
filtering means. 

[0064] It is to be noted that the present invention is not limited to 

the embodiments described above, but various modifications may be made. 
For example, the low-pass filtering calculation is not limited to the 
calculation according to the expression (l) described above, but any low-pass 
filtering calculation that implements the low-pass characteristic may be used. 
For example, a moving average calculation according to a sampled data, the 
number which is different from that of the expression (l), or a averaging 
calculation according to the following expression (2) may be adopted. 

THFLT(n) = CFLT x TH(n) + (1 - CFLT) x THFLT(n-l) ...(2) 
where CFLT is a filtering coefficient set to a value between "0" and "1". 
[0065] In the embodiments described above, the throttle valve 

opening TH is used as an operation amount indicative of the required output 
power of the engine 1. Alternatively, an acceleration sensor may be 
provided for detecting a depressing amount of the accelerator pedal 
(hereinafter referred to as "accelerator pedal operation amount") AP of a 
vehicle driven by the engine 1, and the accelerator pedal operation amount 
AP may be used as an operation amount indicative of the required output 
power of the engine 1. In this instance, a determination of the cylinder halt 
condition is performed by processes shown in FIGs. 8 and 9, or FIG. 10. It is 
to be noted that the accelerator pedal is connected to the throttle valve 3 
such that the throttle valve opening TH changes proportionally to the 
accelerator pedal operation amount AP. 

[0066] The process shown in FIG. 8 is obtained by replacing steps 

S17 and S18 of FIG. 3 with steps S17a and S18a, respectively. In step S17a, 
an APCS table (not shown) is retrieved according to the vehicle speed VP and 
the gear position GP to calculate threshold value APCS (a lower side 
threshold value APCSL and an upper side threshold value APCSH) of the 
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accelerator pedal operation amount AP. In step Sl8a, it is determined with 
hysteresis whether or not the detected accelerator pedal operation amount 
AP is less than the threshold values APCS. The APCS table is set similarly 
to the THCS table, i.e., set for each of the gear positions GP such that the 
lower side threshold value APCSL and the upper side threshold value 
APCSH increase as the vehicle speed VP increases. 

[0067] The process shown in FIG. 9 is obtained by replacing steps 

S36 and S37 of FIG. 6 with steps S36a and S37a, respectively. In step S36a, 
it is determined whether or not the accelerator pedal operation amount AP is 
less than a value obtained by adding a predetermined value j3 (for example, 
an accelerator pedal operation amount corresponding to 2 degrees of the 
throttle valve opening) to the upper side threshold value APCSH. If the 
answer to step S36a is affirmative (YES), then it is determined in step 'S3 7a 
whether or not a change amount DAP of the accelerator pedal operation 
amount AP is less than a predetermined change amount DAP1 (for example, 
a change amount of the accelerator pedal operation amount which 
corresponds to 1 degree/10 milliseconds of the throttle valve opening change 
amount). The change amount DAP of the accelerator pedal operation 
amount is calculated as a difference (AP(n) — AP(n-l)) between the present 
value AP(n) and the preceding vale AP(n-l) of the accelerator pedal operation 
amount. 

[0068] The process shown in FIG. 10 is obtained by replacing steps 

S17, S51, S53 and S18 of FIG. 7 with steps S17a, S51a, S53a and S18a, 
respectively. In steps S17a and S18a of FIG. 10, processes that are the 
same as those in steps S17a and S18a of FIG. 8 are executed, respectively. 
In step S51a, a low-pass filtering calculation according to the expression (3) 
given below is performed to calculate a moving average value APFLT of the 
accelerator pedal operation amount AP. 
APFLT = 

(AP(n-4) 4- AP(n-3) + AP(n-2) + AP(n- 1) + AP(n))/5 ...(3) 
[0069] In step S53a, the accelerator pedal operation amount AP is set 

to the moving average value APFLT. 
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[0070] Further, in step S38 of FIG. 6 or FIG. 9, it is determined 

whether or not the change amount DVP of the vehicle speed VP is less than 
the predetermined vehicle speed change amount DVP1. Alternatively, it 
may be determined whether or not a change amount DNE of the engine 
speed NE is less than a predetermined speed change amount DNE1 (for 
example, 0.2 rpm per 10 milliseconds). 

[0071] Furthermore, the present invention can be applied also to a 

control system for a watercraft propulsion engine such as an outboard engine 
having a vertically extending crankshaft. 

[0072] The present invention may be embodied in other specific 

forms without departing from the spirit or essential characteristics thereof. 
The presently disclosed embodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the scope of the invention being 
indicated by the appended claims, rather than the foregoing description, and 
all changes which come within the meaning and range of equivalency of the 
claims are, therefore, to be embraced therein. 
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